INTRODUCTION
these problems. 1, 4 The improvement is only minor, however, not to say difficulties in 1 practical operations. Therefore, a solvent medium is actually an important solution to 2 improve the homogeneity of the system.
3
A single solvent that can dissolve oil and glycerol in a homogeneous system is 4 actually very difficult to find. The hydrocarbon solvents were generally impossible for 5 this purpose. After evaluation, a few alcohols with more than five carbons can be 6 considered since they contain a polar hydroxyl group and a nonpolar carbon chain.
7
However, alcohols are naturally reaction competitors to glycerol, especially the 8 primary alcohols. From the study of Damstrup et al. 2 and Yang et al.
5
, the use of 9 tertiary alcohols is possible and does not involve in reactions with fatty acids, most 10 likely due to the tertiary structure of the alcohols, which exerts strong steric hindrance 11 to the enzyme in the system. Therefore, TB or tert-pentanol (TP) is promising for the 12 glycerolysis system. Higher yield of MAG has been achieved with tertiary alcohols in 13 the glycerolysis system 2,5 .
14 Omega-3 PUFA have received much attention in recent years because of the 15 health benefits they offer, including reduced risk of coronary disease, prevention of 16 certain cancers, and improved immune function. 6, are interesting for many potential uses or applications in food, drug, or cosmetic 18 production. Their MAG forms may offer new possibilities in different applications.
19
We have intended to synthesize MAG from fish oil with higher content of omega-3
20
PUFA through alcoholysis of fish oil with 1,3-specific lipases. 8, 9 The reaction strategy 21 was mainly to produce 2-MAG since usually more omega-3 PUFA is located at 2- Therefore, in this study, we designed the production of MAG rich in omega-3
9
PUFA (EPA and DHA) into a two-step operation. In the first step, an efficient 10 glycerolysis system should be set up for the enzymatic production of MAG from fish 11 oil. The system with tertiary alcohols was considered for the above consideration, as 12 high yields of MAG can be expected in the system after optimization. 2, 5 Under such a 13 possibility, the second step was targeted to fractionate the MAG containing PUFA.
14 Normally, such MAG have much lower melting points than MAG containing 15 saturated or monounsaturated fatty acids. Therefore, a physical fractionation system 16 was also studied to isolate the omega-3 PUFA containing MAG from other MAG.
17

MATERIALS
18
Crude tuna oil from Skipjack tuna head, with water content of 4.4% and free
19
fatty acid content of 0.36%, was provided by Chotiwat Industrial Co. Ltd. (Hat Yai, 20 Thailand). The oil was prepared from crude tuna oil by a conventional pressing 21 method. The refined oil was achieved through degumming, neutralization, bleaching,
22
and deodorizing. The major fatty acid compositions of the refined oil (wt%) was as 23 following: C14:0, C16:0, C18:0, C18:1, C18:2, C20:5 and C22: 6 (4.2, 30.6, 9.3, 17.3, 24 2.6, 6.7 and 29.0, respectively). The glycerol was analytical grade with 0.2% water. Co. Ltd (Nagoya, Japan). Accurel EP-100, a microporous polypropylene powder 6 (particle size < 400 μm), was a gift from Akzo Nobel Membrana (Obernburg,
7
Germany). All other chemicals and solvents used were of reagent grade or analytical 8 grade.
9
METHODS
10
Preparation of the immobilized lipase
11
Accurel EP-100 (10 g) was added to 100 mL of buffer (pH 7) containing 100 12 U/mL Lipase AK and the mixture was stirred with a magnetic bar at 100 rpm for 30 13 min. Afterward, 100 ml of 0.1M phosphate buffer (pH 7) was added and the evaporator. The two fractions were then weighed and used for further analysis.
Analysis of acylglycerols by TLC-FID
1
The components of oil phase were analyzed with a thin-layer chromatography rods were subjected to scanning with FID. Standards were used to identify the peaks.
8
The peaks areas were normalized and used for evaluation of reactions. Triplicate 9 analysis was conducted and the averages were used.
10
Analysis of fatty acids compositions
11
The fatty acid compositions of acylglycerol species were determined by 12 converting into fatty acids methyl esters followed by GC analysis. After evaporating Germany). The carrier gas was helium at a flow rate of 0.5 mL/min (15 psi) and 22 operated in a split ratio of 50:1. as making the process operation difficult while TP is much more expensive (2-3 fold 5 higher than TB). Therefore, a mixture could be a better choice for practical and cost- substrates (glycerol and oil) gave the maximum reaction performance and was used showed high MAG production with no significant difference. Therefore, the 19 temperature of 40 °C was selected for the production since lower temperature was 20 recommended with respect to the product quality.
21
MAG production under optimal conditions
22
The recommended conditions for MAG production were finalized as using TB (Fig. 4) .
4
The major fatty acid compositions of the MAG fraction after separating by 5 thin layer chromatography were determined by gas chromatography as follows:
6 C14:0, C16:0, C18:1, C18:2, C20:5 and C22: 6 (3.5, 29.7, 8.6, 17.1, 3.6, 6.3 and 30.5 7 wt%, respectively). The fatty acid compositions had no significant difference from 8 that of the original tuna oil. The result indicated that the reaction gave little fatty acid 9 selectivity for the formation of MAG. This is a reasonable conclusion since the 10 reaction was an interesterification process where positional and fatty acid selectivity
11
of the lipase will place no difference for the product formation.
12
Fractionation of the reaction mixture from glycerolysis of tuna oil
13
Temperature fractionation of fats or oils or their derivatives can be regarded as 14 a thermo-mechanical separation process and has been widely used in industry.
15
Individual species (for example TAG or MAG) for a given material are selectively were selected for this study.
13
Solvent is another issue. Acetone and hexane have been commonly applied in 14 industry and many previous studies. Considering the higher polarity of the material,
15
the polarity of solvent may have effects on the fractionation process. Therefore, both 16 solvents were selected for further evaluation including their mixtures.
17
The effects of solvent and temperature on yield and fatty acid compositions
18
were evaluated. Time (min) L ip id p r o file (w t% ) 
